Child sleep and adjustment research with community samples is on the rise with a recognized need of explicating this association. We examined reciprocal relations between children's sleep and their internalizing and externalizing symptoms using 3 waves of data spanning 5 years. Participants included 176 children at Time 1 (M ϭ 8.68 years; 69% European American, 31% African American), 141 children at Time 2 (M ϭ 10.70 years), and 113 children at Time 3 (M ϭ 13.60 years). Children were from a wide range of socioeconomic backgrounds. Sleep was measured subjectively via self-reports and objectively via actigraphy and adjustment was assessed with parent and child reports. Cross-lagged panel models indicated that reduced sleep duration and worse sleep quality predicted greater depression, anxiety, and externalizing symptoms over time. To a lesser extent but supportive of reciprocal relations, adjustment predicted changes in sleep. Findings illustrate the reciprocal nature of relations between sleep and adjustment difficulties in otherwise typically developing youth.
Insufficient sleep and poor sleep quality among otherwise normally developing school-aged children are highly common and are related to adjustment problems (Alfano, Zakem, Costa, Taylor, & Weems, 2009; Arman et al., 2011) . Although researchers have shed much needed light on relations between children's sleep and their adjustment, important gaps remain. Little is known about the direction of effects between sleep and adjustment; thus, questions remain about potential reciprocal relations. Among the few longitudinal studies that have examined these relations, the majority focused on sleep as a predictor of change in adjustment (El-Sheikh, Kelly, Buckhalt, & Hinnant, 2010 , conducted with the first two study waves of the present sample; Gregory & O'Connor, 2002) and not the reverse direction (i.e., adjustment as a predictor of sleep). In an attempt to clarify this association, we made our primary objective the examination of reciprocal relations between children's sleep and their externalizing and internalizing symptoms (referred to collectively as adjustment) over time. Further, few studies have investigated these associations with objective sleep measures or multiple-wave designs. Our investigation builds on the literature by examining sleep both subjectively via child reports and objectively via actigraphy in a large community sample, using three waves of data spanning 5 years.
We use the term sleep problems to refer to short duration (i.e., actigraphy-based fewer sleep minutes), poor actigraphy-based quality parameters (i.e., percentage of minutes spent asleep between sleep onset and offset [sleep efficiency], percentage of minutes spent asleep during total time in bed, number of long wake episodes, and minutes awake after sleep onset) and self-reported sleep/wake problems; detail about the sleep variables is provided in the Method section. Each sleep variable was examined along a continuum and in relation to other children in the sample. Following recommendations (Sadeh, Raviv, & Gruber, 2000) , we investigated multiple actigraphy-based measures of sleep quality that provide different yet related indices of sleep continuity and fragmentation. Short sleep duration and poor sleep quality (Sadeh, Dahl, Shahar, & Rosenblat-Stein, 2009 ) are prevalent in children and their assessment is thus warranted. In a meta-analysis, sleep quantity and quality were related differentially to developmental outcomes, and a recommendation was made to assess these variables separately (Dewald, Meijer, Oort, Kerkhof, & Bogels, 2010) . Further, also consistent with recommendations, our assessment of sleep included actigraphy and selfreports (Sadeh, 2011) .
Acquisition of adaptive behaviors is an important developmental task with immediate and long-term consequences, and indications are that sleep plays an important role in this development. Dahl (1996) proposed that the prefrontal cortex (PFC) plays an important role in the relation between children's sleep and their adjustment. Reduced sleep quantity and poorer sleep quality might disrupt processes mediated in the PFC, including the executive functioning needed to control cognition and emotion (Jones & Harrison, 2001; Muzur, Pace-Schott, & Hobson, 2002) , which, in turn, might put children at risk for both internalizing and externalizing problems. Supportive of this idea, many studies using community samples have demonstrated that subjectively and actigraphy-measured sleep are related to adjustment crosssectionally. A general measure of parent-and child-reported sleep problems (e.g., trouble sleeping, overtired) was related to greater levels of parent-and child-reported depression and anxiety symptoms among 6-to 17-year-olds (Alfano et al., 2009) . In another study, a latent construct composed of reduced sleep duration and greater night wakings, as measured by actigraphy, was related to greater internalizing and externalizing symptoms among 8-yearolds (El-Sheikh, Buckhalt, Cummings, & Keller, 2007) . Similarly, shorter actigraphy-measured sleep duration was related to greater parent-reported externalizing symptoms among 6-to 11-year-olds (Holley, Hill, & Stevenson, 2011) . Collectively, studies indicate that sleep and adjustment are related in community samples; however, the cross-sectional designs limit inferences about the directionality of effects. Just as children's sleep might have predicted adjustment, adjustment might have preceded sleep.
In community samples, a growing number of longitudinal studies have found that sleep predicts internalizing (e.g., Gregory et al., 2005) and externalizing symptoms (e.g., Quach, Hiscock, Canterford, & Wake, 2009) . Shorter sleep duration (measured by one self-report item) during sixth grade predicted greater depression symptoms 3 years later (Fredriksen, Rhodes, Reddy, & Way, 2004) . Using the first two waves from the current study, El-Sheikh et al. (2010) found that having more self-reported sleep/wake problems among 8-year-olds was related to greater internalizing and externalizing symptoms 2 years later, after controlling for autoregressive effects. In a three-wave study spanning 3 years beginning when children were 8 years old, initial levels and increased change in self-reported sleep/wake problems (e.g., trouble falling asleep, oversleeping) over time predicted greater depression, anxiety, and externalizing symptoms in the final wave when children were 10 years old (El-Sheikh, Bub, Kelly, & Buckhalt, 2013 ; independent sample from that used in the current study). Findings indicated that children who continued to experience sleep/wake problems and increases in these problems over 3 years were most at risk for adjustment problems.
Supportive of bidirectional relations, adjustment symptoms might also predict sleep. The emotional arousal and distress that often accompany depression, anxiety, and externalizing symptoms might disrupt sleep (Dahl, 1996) . In addition, symptoms of depression, including ruminating thought processes, might interfere with the relaxation needed for sleep (Dahl, 1996; Patten, Choi, Gillin, & Pierce, 2000) . Similarly, fear, worry, and alertness, the hallmarks of anxiety, might disrupt the reduction in vigilance needed for sleep (Dahl, 1996) .
In most studies that have examined the impact of adjustment on sleep, researchers have used samples composed of people who had clinical levels of depression (Cousins et al., 2011 ), anxiety (Alfano, Pina, Zerr, & Villalta, 2010 ) and externalizing problems (Dahl, 2006; Ireland & Culpin, 2006) . Among 8-to 17-year-old children, those with major depression disorder reported more nighttime awakenings and trouble waking compared with healthy controls (Bertocci et al., 2005) . Further, 7-to 12-year-olds with clinically diagnosed anxiety disorders reported shorter sleep durations compared with controls (Hudson, Gradisar, Gamble, Schniering, & Rebelo, 2009 ). In addition, toddlers and preschoolers referred for clinically significant externalizing problems had mother-reported reduced sleep duration and greater numbers of night wakings compared with healthy controls (Sneddon, 2008) . Collectively, clinically significant internalizing and externalizing problems are related to sleep.
Only a few studies have used community samples to investigate whether nonclinical adjustment problems forecast sleep and their findings are mixed. Children between 12 and 18 years of age who reported greater depression symptoms also reported an increase in trouble falling and staying asleep (measured with one item) 4 years later (Patten et al., 2000) . In one of the few studies to examine longitudinally the reciprocal relations between children's sleep and their adjustment, greater parent-reported child sleep problems (e.g., short sleep duration, night waking, sleep onset delay, daytime sleepiness) at age 8 years predicted more self-reported depression symptoms 2 years later, but no evidence was found for the reverse direction (Gregory, Rijsdijk, Lau, Dahl, & Eley, 2009) . Similarly, Gregory and O'Connor (2002) found that a general measure of parent-reported child sleep at age 4 years predicted greater internalizing (composite of depression and anxiety symptoms) and externalizing symptoms during adolescence, yet no evidence of reciprocal relations was discovered.
Overall, findings regarding adjustment as a predictor of sleep are mixed, which limits conclusions about bidirectional relations. In addition, monoreporter bias for adjustment and sleep measures, a scarcity of objective sleep measures, and few samples of typically developing school-age children potentially limits the generalizability of some findings. Last, few studies to our knowledge have used community samples to establish externalizing symptoms as a predictor of sleep over time.
Current Study
We examined the reciprocal relations between children's sleep and internalizing and externalizing symptoms using three waves spanning 5 years (Time 1 [T1] ϭ age 8 years; Time 2 [T2] ϭ age 10 years; Time 3 [T3] ϭ age 13 years). The examination of sleep as a predictor of adjustment over 5 years builds on our previous work that established this relation over 2 years using the first two waves of data (El-Sheikh et al., 2010) ; studies spanning 5 years, especially those that use objective sleep assessments, are novel in the sleep and child development literature. Cross-lagged panel models were used, which allow for the investigation of reciprocal relations between two variables over time and the identification of which variable is a more robust predictor (i.e., whether sleep more robustly predicts adjustment or vice versa).
We hypothesized that children's sleep problems would predict greater depression, anxiety, and externalizing symptoms over time. Because of developmental effects, sleep might have a more robust influence on adjustment as children enter the adolescent years (e.g., Gregory & O'Connor, 2002) . Building on this small body of literature that has considered sensitive periods, we examined whether sleep at age 10 years was a more robust predictor of later adjustment than sleep at age 8 years. In our assessment of reciprocal relations, we expected that depression, anxiety, and externalizing symptoms would predict shorter sleep duration and poorer sleep quality. Given the dearth of pertinent theory and research, we had no expectations about which of these parameters (adjustment or sleep) would be a more robust predictor of the other. Last, because internalizing and externalizing symptoms often co-occur (Coulombe, Reid, Boyle, & Racine, 2011) , we examined all adThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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justment domains simultaneously to better ascertain the unique association that sleep shares with each adjustment variable. As part of exploratory analyses, we assessed whether sleep would more robustly influence some adjustment variables than it would others.
Method Participants
Families participated in the three-wave Child Regulation Study (CRS). Data were collected during the following years (2010; T1 and T2) . At T1, third-grade children were recruited from public schools in Alabama and Georgia. We contacted parents using home telephone numbers provided by local schools. In a few cases, some interested families initiated contact with our lab. Inclusion criteria were based on mothers' reports and included the child living in a two-parent home and having no history or diagnosis of a sleep problem, attention-deficit/hyperactivity disorder, chronic or acute physical illness, or a learning disability. Of the families who were contacted and satisfied our inclusion criteria, 66% participated.
T1 participants included 176 children (78 boys, 98 girls; M age ϭ 8.68 years, SD ϭ 0.36) and their parents (169 mothers and 137 fathers). Mothers' reports on the Puberty Development Scale (1 ϭ prepubertal, 2 ϭ early pubertal, 3 ϭ midpubertal, 4 ϭ late pubertal, 5 ϭ postpubertal; Petersen, Crockett, Richards, & Boxer, 1988) , indicated that, on average, both boys (M ϭ 1.25, SD ϭ 0.23) and girls (M ϭ 1.45, SD ϭ 0.34) were prepubertal.
Representative of the community, 69% of children were European American and 31% were African American. There was a wide range of annual family income: 11% between $10,000 and $20,000, 24% between $20,000 and $35,000, 29% between $35,000 and $50,000, 25% between $50,000 and $75,000, and 11% more than $75,000. For mothers' and fathers' education, 9% and 13% had partial high school education or less, 36% and 46% received a high school diploma, 42% and 30% had partial college education or received specialized training, 11% and 9% received a college diploma, and 2% and 2% earned a graduate degree or received professional training, respectively. An objective was to recruit both European American and African American families across a wide range of income backgrounds through oversampling; however, ethnicity and income were still correlated (r ϭ Ϫ.37; ethnicity was dummy coded, African American ϭ 1 and European American ϭ 0). Family income was related to mothers' and fathers' education (rs ϭ .29 and .35, respectively, ps Ͻ .001), and the two latter variables were also associated (r ϭ .32, p Ͻ .001). Consequently, we standardized and mean composited family income, mothers' education, and fathers' education variables to create an overall socioeconomic status (SES) variable for analyses.
About 2 years later (M time lag between T1 and T2 ϭ 1 year 361 days; SD ϭ 111 days), 142 of the children (62 boys, 80 girls) and their parents (133 mothers, 105 fathers) returned for T2 (81% of original sample; 70% European American, 30% African American; M age ϭ 10.70 years, SD ϭ 0.55). Average puberty status at T2 was 2.06 (SD ϭ 0.55) for girls and 1.49 (SD ϭ 0.42) for boys, which indicates an early pubertal status for girls and prepubertal status for boys (Petersen et al., 1988) .
Nearly 3 years after T2 (M time lag between T2 and T3 ϭ 2 years 337 days, SD ϭ 119 days), 113 children (50 boys, 63 girls; M age ϭ 13.60 years, SD ϭ 0.76; 70% European American, 30% African American) and their parents (94 mothers, 74 fathers) participated at T3 (80% of those who participated at T2; 64% of original sample). The mean puberty score for boys was 2.27 (SD ϭ 0.65) and 3.18 (SD ϭ 0.47) for girls, which corresponds with early pubertal status for boys and midpubertal status for girls (Petersen et al., 1988) . Reasons for attrition at T2 and T3 included a busy schedule, relocation, disinterest in continued participation, and inability to be located.
Compared with children who participated at T1 and T2, those who participated only at T1 came from lower SES households, t(162) ϭ Ϫ2.18, p ϭ .03; there were no differences on the basis of gender, ethnicity, pubertal status, child age, body mass index (BMI), sleep, or adjustment. No differences were found between children who participated at T3 and those who discontinued participation after T2.
Procedure
At each wave, parents were instructed to place an actigraph (Ambulatory Monitoring, Ardsley, NY) on the child's nondominant wrist prior to bedtime for 7 consecutive nights; children removed them on waking. To validate actigraphy-measured sleep and wake times, parents (typically the mother) were called each night to report child bed-and wake times. Actigraphy data were collected during the regular school years at T1 and T2 and in the summer during T3. To reduce confounds, we used only data from medication-free nights.
In most cases, families came to our university-based research laboratory on the day after the last night of actigraphy (T1 M days ϭ Ϯ1.75, SD ϭ Ϯ8.30 days; T2 M days ϭ Ϯ13.19, SD ϭ Ϯ44.74; T3 M days ϭ Ϯ1.15, SD ϭ Ϯ5.18). During the visit, each parent completed questionnaires in a separate room. Children completed questionnaires via interview with a trained researcher. To calculate BMI (Must, Dallal, & Dietz, 1991) , a researcher measured each child's height and weight. Procedures and measures are identical for each wave unless otherwise specified.
Measures
Children's self-reports of sleep. Children completed the Sleep Habits Survey (Wolfson & Carskadon, 1998) , which has demonstrated reliability and validity (Wolfson et al., 2003) and has been used with school-age samples (e.g., Amschler & McKenzie, 2005; El-Sheikh & Buckhalt, 2005) . The 10-item Sleep-Wake Problems scale was pertinent and assessed trouble falling asleep, oversleeping, and difficulties waking up; higher scores reflect more problems. Cronbach's alpha was .71-.79 across waves.
Actigraphy measures of children's sleep. Actigraphy is often used as a proxy for sleep duration and quality and has demonstrated reliability, especially when used over multiple consecutive nights (Sadeh, Gruber, & Raviv, 2002) . The actigraphs were Octagonal Basic Motionloggers (Ambulatory Monitoring, Ardsley, NY), and being awake or asleep was determined with Sadeh's scoring algorithm (Sadeh, Sharkey, & Carskadon, 1994) . ProceThis document is copyrighted by the American Psychological Association or one of its allied publishers.
dures for setting times for sleep onset and wake time followed a laboratory protocol developed at the E. P. Brown Sleep Laboratory at Brown University (Acebo & Carskadon, 2001) . Actigraphy data that showed poor correspondence with parent reports of sleep and wake times were excluded; this was rare.
We assessed (a) sleep minutes, or the number of minutes scored as sleep during the sleep period (sleep onset time to wake time); (b) sleep efficiency, or the percentage of minutes scored as sleep between sleep onset and offset; (c) sleep %, or the percentage of minutes scored as sleep during the total time in bed; (d) long wake episodes, or the number of wake episodes of 5 min or more; and (e) minutes awake after sleep onset, or the number of minutes scored as awake between sleep onset and offset. Each sleep variable was created by computing the average across all available nights.
At T1, 75% of children had actigraphy data for all 7 nights, 14% had data for 6 nights, 8% had data for 5 nights, and 3% had data for 4 or fewer nights (M ϭ 6.59 days, SD ϭ 0.85). For T2, 56% of participants had actigraphy data for all 7 nights, 25% had data for 6 nights, 14% had data for 5 nights, and 5% had data for four or fewer nights (M ϭ 6.30 days, SD ϭ 0.95). At T3, 66% of children had actigraphy data for all 7 nights, 20% had data for 6 nights, 6% had data for 5 nights, and 8% had data for 4 or fewer nights (M ϭ 6.33 days, SD ϭ 1.03). Reasons for missing data included the use of medicine known to influence sleep (e.g., Benadryl and cough medicine) and exclusion of such nights from analyses, forgetting to wear the actigraph, and mechanical problems. If data consist of fewer than 3 nights of actigraphy, they provide a poor estimation of regular sleep (Acebo et al., 1999) ; thus, such data were excluded for one child at T1 who had only 2 nights of data. Using the maximum number of nights with valid actigraphy data, alphas were as follows: For sleep minutes, ␣ ϭ .78 -.86 across T1 to T3; for sleep efficiency, ␣ ϭ .81-.92; for sleep %, ␣ ϭ .86 -.92); for long wake episodes, ␣ ϭ .85-.91); and for minutes awake after sleep onset, ␣ ϭ .87-.91. Thus, sleep parameters are stable across the week and each variable was composited for analyses (i.e., across all available nights).
Internalizing symptoms. Children completed the Children's Depression Inventory (Kovacs, 1985) ; one item about suicidal ideation was excluded. Children reported on statements that best described their feelings during the past 2 weeks. For this study, alphas ranged from .77 to .89 across study waves. Scores of 20 or above indicate potential clinical levels of depression (Kovacs, 1992) ; three children at T1, one child at T2, and one child at T3 had such scores.
Children reported on general levels of anxiety via the Revised Children's Manifest Anxiety Scale (Reynolds & Richmond, 1985) . Children rated whether statements were true about them during the past year. Cronbach's alphas ranged from .82 to .90 across waves. The Revised Children's Manifest Anxiety Scale does not provide a clinical cutoff. In our sample, four children at T1 and T2 and seven children at T3scored more than 2 standard deviations from the mean.
Externalizing symptoms. Mothers and fathers completed the 280-item Personality Inventory for Children (Wirt, Lachar, Klinedinst, & Seat, 1990) . Mothers and fathers reported on the Externalizing scale, which measures symptoms such as aggression, impulsivity, delinquency, and noncompliance. For mother and father reports, Cronbach's alphas ranged from .89 to .96 across waves. Because the Personality Inventory for Children T scores are age and gender corrected, raw scores were used for longitudinal analyses. On the basis of mother reports, 17 children at T1, nine at T2, and six at T3 surpassed the clinical cutoff T score of 65 (Lachar & Gruber, 1995) . On the basis of father reports, 16 children at T1, seven at T2, and three at T3 surpassed the clinical cutoff.
Plan of Analysis
Cross-lagged panel models were fit to examine whether children's sleep predicts changes in adjustment over time and conversely, whether adjustment predicts sleep. The sleep variables included (a) reported sleep/wake problems (observed variable); (b) actigraphy-based sleep minutes (observed variable); and (c) poor sleep quality (latent construct composed of sleep efficiency, sleep %, long wake episodes, and minutes awake after sleep onset). The adjustment variables were depression symptoms (observed variable), anxiety symptoms (observed variable), and externalizing symptoms (latent construct composed of mother and father reports). Children's depression symptoms, anxiety symptoms, and externalizing symptoms were examined simultaneously in each model. Each sleep variable or construct was examined in a separate model, resulting in three models. To reduce outlier effects, we examined histograms, and 12 values that exceeded 4 standard deviations and fell beyond the tail end of the spectrum were set to missing (Bush, Hess, & Wolford, 1993) . Models were initially fit before outliers were removed, and no major differences were detected before or after outlier removal. The following observed variables were skewed on the basis of skewness (Ϯ2) and kurtosis statistics (Ϯ2) and were natural log transformed: T1 sleep %, T3 depression, mother reported externalizing symptoms at all three waves, and father-reported externalizing symptoms at T1.
The two latent constructs of poor sleep quality and externalizing symptoms showed excellent measurement properties across all waves. The latent variable of sleep quality was based on actigraphy-derived sleep efficiency, sleep %, long wake episodes, and minutes awake after sleep onset. These four observed variables loaded well, 2 (39) ϭ 115.08, p ϭ .006; 2 /df ϭ 2.94; comparative fit index (CFI) ϭ .95; root-mean-square error of approximation (RMSEA) ϭ .06, ns; the sleep variables were correlated at T1 (rs ranged from .80 to .99), T2 (rs ranged from.95 to .99), and T3 (rs ranged from.86 to .99). Higher scores reflect poorer sleep quality. Note that we also conducted analyses in which we treated each indicator of sleep quality separately, and findings were identical in nature to those reported. The latent variable of externalizing symptoms was based on mother and father reports of externalizing symptoms; these two observed variables loaded well: For model fit, 2 (2) ϭ 5.23, ns; 2 /df ϭ 2.62; CFI ϭ .99; RMSEA ϭ .08, ns; mother and father reports were correlated at T1 (r ϭ .65), T2 (.55), and T3 (.84).
For each cross-lagged panel model, there were four variables at each time point, one each for sleep, depression, anxiety, and externalizing symptoms. Each of the four variables at one time point was allowed to predict the same variable at the next time point (see Figure 1 for an example). These estimates provide information about the stability of each construct over time and result in controlling for the autoregressive effect, which reduces bias in parameter estimates and allows for conclusions about This document is copyrighted by the American Psychological Association or one of its allied publishers.
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To address whether sleep was more strongly related to adjustment as children became older, we used ⌬ 2 tests to assess whether sleep at T2 (age 10 years) was a more robust predictor of subsequent adjustment compared to the association between sleep at T1 and subsequent adjustment (age 10 years); we compared the magnitude of effects among statistically significant associations. Similarly, ⌬ 2 tests were used to determine whether sleep was more robustly associated with one adjustment variable compared with the others (e.g., does sleep more strongly predict depression versus anxiety symptoms?). Finally, ⌬ 2 tests assessed whether sleep more strongly predicted adjustment or vice versa.
We considered controlling for variables known to influence sleep or adjustment: child sex, ethnicity, SES, BMI, and pubertal status. Because season of year and light exposure can influence sleep (Thorleifsdottir, Bjornsson, Benediktsdottir, Gislason, & Kristbjarnarson, 2002) , we also considered controlling for average daylight hours during the month of actigraphy wear, which was calculated by estimating the average sunrise and sunset for that month recorded officially in the area (Edwards, 2007) . On the basis of ⌬ 2 tests, child sex, ethnicity, and SES (at T1) were retained, and each was allowed to predict the sleep and adjustment variables at each wave.
Analyses were conducted using Amos 17. Full information maximum-likelihood estimation was used to handle missing data, which is robust against violations of normality and is one of the best methods for handling missing data (Acock, 2005) .
Results
Preliminary Analyses
Descriptive statistics are presented in Table 1 . On average, through actigraphy, we found that children slept less than 7.5 hr per night during each wave. Sleep diary data revealed that the average time in bed per night (i.e., minutes between bedtime and wake time) during each study wave was less than 8.5 hr. At all This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
three waves, sleep efficiency was below 90%, which is considered a characteristic of poor sleep quality (Sadeh et al., 2000) . Repeated measures analyses of variance were used to test whether the means of the sleep and adjustment variables differed across waves (see Table 1 ). On average, sleep minutes did not change across time. However, sleep efficiency and sleep % increased from T1 to T2 and minutes awake after sleep onset decreased from T1 to T2. Further, anxiety decreased from T1 to T2 and from T2 to T3, and father-reported externalizing symptoms was significantly higher at T1 compared with T3. Bivariate correlations are provided in Table 2 . Many of the sleep parameters were correlated with the adjustment variables within and across waves, such that more sleep problems were related to greater adjustment problems.
Examination of Reciprocal Relations Between Children's Sleep Problems and Their Adjustment Symptoms Over Time
Sleep/wake problems. The model that was fit to examine the reciprocal relations between children's sleep/wake problems and depression, anxiety, and externalizing symptoms over time was a good fit to the data, 2 (71) ϭ 106.24, p ϭ .004; 2 /df ϭ 1.50; CFI ϭ .96; RMSEA ϭ .05, ns (see Figure 1) . Several of the control variables were associated with the sleep and adjustment variables and are not depicted in the figure for brevity. Male status was related to greater externalizing symptoms at T1 (B ϭ 3.58, ␤ ϭ .27, p ϭ .004) and female status was related to more anxiety symptoms at T3 (B ϭ Ϫ2.28, ␤ ϭ Ϫ.22, p ϭ .003). African Figure 1) . At T2 and T3, respectively, the following amount of variance was explained in each model: 21% and 27% for sleep/wake problems, 15% and 21% for depression symptoms, 14% and 35% for anxiety symptoms, and 67% and 70% for externalizing symptoms. Greater sleep/wake problems at T1 predicted greater T2 depression and anxiety symptoms (see Figure 1) , accounting for 3% and 4% of unique variance, respectively. More sleep/wake problems at T2 predicted an increase in T3 depression and anxiety symptoms, accounting for 6% and 11% of unique variance, respectively. Regarding reciprocal relations, greater externalizing symptoms at T1 predicted increased sleep/wake problems at T2 and explained 3% of unique variance.
We conducted ⌬ 2 tests to examine whether the magnitude of relations between T1 sleep/wake problems and subsequent depression and anxiety symptoms were different from those observed between T2 sleep and subsequent adjustment outcomes; no significant differences were found. In addition, ⌬ 2 tests were used to determine whether sleep/wake problems were more robust predictors of subsequent depression symptoms than were anxiety symptoms, and no significant effects emerged.
Sleep minutes. The model used to examine the reciprocal relations between sleep minutes and adjustment outcomes was a good fit, 2 (71) ϭ 112.01, p Ͻ .001; 2 /df ϭ 1.58; CFI ϭ .94; RMSEA ϭ .06, ns (see Figure 2) . Male status was related to fewer sleep minutes at T1 (B ϭ Ϫ31.34, ␤ ϭ Ϫ.28, p Ͻ .001) and T3 (B ϭ Ϫ41.84, ␤ ϭ Ϫ.31, p ϭ .006). Higher SES at T1 was associated with greater sleep minutes at T2 (B ϭ 7.66, ␤ ϭ .15, p ϭ .05); covariates are not shown in the figure. The autoregressive effect for sleep minutes was significant from T1 to T2 and from T2 to T3 (see Figure 2) . At T2 and T3, respectively, the following amount of variance was explained for each variable: 37% and 19% for sleep minutes, 8% and 22% for depression, 8% and 27% for anxiety, and 68% and 71% for externalizing symptoms.
As shown in Figure 2 , fewer sleep minutes at T2 predicted an increase in children's depression, anxiety, and externalizing symptoms at T3 and explained 8%, 4%, and 2% of unique variance, respectively. Further, elevated levels of depression symptoms at This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
T1 predicted fewer sleep minutes at T2 and explained 2% of unique variance. We used ⌬ 2 tests to assess whether the magnitude of associations differed between T2 sleep minutes and subsequent depression, anxiety, and externalizing symptoms. No differences were found, indicating that the magnitude of associations between sleep minutes and child outcomes was similar across the three adjustment outcomes.
Poor sleep quality. The model used to examine relations between children's sleep quality and all adjustment outcomes was a good fit, 2 (235) ϭ 535.1, p Ͻ .001; 2 /df ϭ 2.27; CFI ϭ .93; RMSEA ϭ .09, p Ͻ .001 (see Figure 3) . Further, and not depicted in the figure, male status was related to a poorer sleep quality at T1 (B ϭ 2.23, ␤ ϭ .15, p ϭ .04) and T3 (B ϭ 5.26, ␤ ϭ .33, p Ͻ .001). Lower SES at T1 was associated with poorer sleep quality at T2 (B ϭ Ϫ1.43, ␤ ϭ Ϫ.18, p ϭ .04). The autoregressive effect for poor sleep quality was significant from T1 to T2 and from T2 to T3 (see Figure 3) . At T2 and T3, respectively, the following amount of variance was explained in each model: 31% and 17% for poor sleep quality, 9% and 24% for depression, 9% and 27% for anxiety, and 69% and 74% for externalizing symptoms.
Poorer sleep quality at T2 predicted greater depression symptoms, anxiety symptoms, and externalizing symptoms at T3 and explained 9%, 5%, and 4% of unique variance, respectively. Regarding reciprocal relations, more depression symptoms at T1 predicted poorer sleep quality at T2 and accounted for 2% of unique variance. Greater anxiety symptoms at T2 predicted poorer sleep quality at T3 and accounted for 4% of unique variance.
We used ⌬ 2 tests to assess whether the magnitude of relations differed between T2 sleep quality and subsequent adjustment outcomes; no significant differences were found. We conducted one additional ⌬ 2 test to examine whether the relation between T2 poor sleep quality and T3 anxiety symptoms was more robust than the association between T2 anxiety symptoms and T3 sleep quality; no significant differences emerged.
Discussion
To gain a better understanding of the directionality of effects between an important biological regulatory system and children's adjustment, the reciprocal relations between sleep and internalizing and externalizing symptoms were assessed over time. In an attempt to conduct a rigorous assessment, we measured sleep using self-reports and actigraphy and used a three-wave longitudinal design spanning 5 years. Multiple sleep parameters predicted greater adjustment problems longitudinally, despite significant au- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
toregressive effects. To a lesser extent but supportive of reciprocal relations, children's depression, anxiety, and externalizing symptoms predicted increases in sleep problems over time. Collectively, among a community sample of typically developing children, sleep predicted adjustment and vice versa. Sleep might serve an important role in brain development including the PFC, which is responsible for daytime cognitive performance and emotional regulation (Dahl, 1996) . Sleep problems can compromise processes mediated in the PFC, including the executive functioning needed for emotion regulation (Jones & Harrison, 2001; Muzur et al., 2002) , thereby putting children at risk for adjustment problems (Dahl, 1996) . Supportive of links between sleep and adjustment and building on past research (e.g., Fredriksen et al., 2004) , greater self-reported sleep/wake problems, actigraphy-based fewer sleep minutes, and reduced sleep quality predicted increases in children's depression and anxiety symptoms longitudinally over 5 years (from age 8 years to age 13) years. In addition, fewer sleep minutes and reduced sleep quality (but not self-reported sleep/ wake problems) predicted greater externalizing symptoms over time.
Cognitive neuroscience researchers have made exciting advances in understanding the influence that sleep has in processing, consolidating, and buffering daily emotional experiences (Walker & van der Helm, 2009 ). Negative memories might be more resistant to the impact that sleep problems have on retention loss, compared with neutral or positive memories (Phelps, 2004) . Potentially, the retention of negative information resulting from sleep problems might lead to adjustment symptoms. In addition, sleep might disrupt the ability to accurately interpret emotional experiences. In a recent study, a greater number of night wakings predicted a reduced ability to accurately identify facial emotional expressions (Soffer-Dudek, Sadeh, Dahl, & Rosenblat-Stein, 2011) . This work suggests that adequate sleep is necessary for accurately identifying emotional expressions, which, in turn, might be a precursor for adjustment problems (Crick & Dodge, 1994) . Last, researchers have suggested that sleep problems lead to greater irritability, which, in turn, increases the likelihood of responding to aversive circumstances more aggressively (Clinkinbeard, Simi, Evans, & Anderson, 2011) . Testing these potential mechanisms is of importance for moving the field forward.
Consistent with research that found sleep to predict adjustment more robustly when children entered adolescence compared with younger ages (e.g., Gregory & O'Connor, 2002) , we found that actigraphy-measured sleep at age 10 years (T2) predicted greater adjustment problems at age 13 years (T3), but no such relations were found between actigraphy measured sleep at age 8 years (T1) and adjustment at age 10 years (T2). Although debate surrounds how much individuals should sleep (Lumeng, 2010) , some evidence indicates that the duration of needed sleep increases as children enter adolescence (e.g., Carskadon et al., 1980) . However, in our sample, sleep minutes did not significantly change from age 8 years (M sleep minutes ϭ 7 hr 21 min) to age 10 years (M sleep minutes ϭ 7 hr 25 min) and several markers of sleep quality actually improved from ages 8 to 10 (e.g., sleep efficiency). The disparity between sleep needed and received might have been greater at age 10 years, which marks the early stages of preadolescence and, thus, children might have been more prone to the negative consequences of inadequate sleep at age 10 years compared with age 8 years. Further, the autoregressive effects were significant across waves for sleep duration and quality, potentially indicating consistency in sleep over time. Therefore, another potential explanation for stronger findings between ages 10 and 13 years than between ages 8 and 10 years is that the additive effect of sleep problems at age 8 years and age 10 years might have contributed to later adjustment problems. Indeed, compared with transient sleep loss, longer periods of inadequate sleep have a more detrimental influence on brain development and lead to greater neuronal damage, resulting in increased adjustment difficulties (Jan et al., 2010) . Using longitudinal growth modeling techniques and an independent sample from that used in the present study, El-Sheikh et al. (2013) demonstrated that children who experienced self-reported sleep problems persistently over 3 years were at increased risk for adjustment problems, compared with children who had more temporary sleep problems. Sleep might be particularly important during periods of greater plasticity in development (Dahl, Spear, Kelley, Shaikh, & Clayton, 2004) . Developmental models spanning longer time frames are needed to determine the strength of relations between sleep and adjustment during various developmental periods and how persistent versus transient sleep problems each uniquely influence children's development.
For a more thorough understanding of the impact that sleep has on depression, anxiety, and externalizing symptoms, each adjustment variable was examined simultaneously. The magnitude of significant relations did not differ between sleep and each adjustment variable (i.e., beta weights); however, we found more instances in which sleep predicted anxiety (67% of tested paths) and depression symptoms (67%) than externalizing symptoms (33%). This raises the question of whether different mechanisms bridge relations between sleep and different facets of adjustment.
Regarding reciprocal relations, researchers contend that depression and anxiety symptoms include ruminating thought processes, emotional distress, and fear, all of which might disrupt sleep (Dahl, 1996; Patten et al., 2000) . From a biological perspective, children who have higher levels of internalizing symptoms also have increased levels of cortisol (Forbes et al., 2006) , which is a risk factor for sleep problems (El-Sheikh, Buckhalt, Keller, & Granger, 2008; Räikkönen et al., 2010) . Specifically, cortisol promotes wakefulness and, thus, increased levels can interfere with attaining adequate sleep. Despite supportive conceptual evidence, few studies have used community samples to assess adjustment as a predictor of sleep among children. Among the existing studies, few have established significant relations (Gregory & O'Connor, 2002; Gregory et al., 2009) . Addressing this notable gap, we found modest support for depression (33% of paths), anxiety (17%), and externalizing symptoms (17%) as predictors of sleep. Depression symptoms predicted fewer sleep minutes and poorer sleep quality, more anxiety predicted poorer sleep quality, and externalizing symptoms predicted greater reported sleep/wake problems. Our analyses were very conservative and involved controlling for both autoregressive effects and influential covariates. Similarly, we examined one adjustment outcome (e.g., depression) while controlling for the others (e.g., externalizing), leading to the prediction of pure internalizing or externalizing symptoms. Each of these study parameters helps lend confidence in the findings that children's adjustment precedes sleep over time.
Our analyses also revealed that the mean scores for childreported anxiety and parent reports of externalizing symptoms This document is copyrighted by the American Psychological Association or one of its allied publishers.
decreased across waves. Plausible explanations exist. The Revised Children's Manifest Anxiety Scale, which assessed anxiety symptoms, consists of many items that assess fear. The prevalence and intensity of fear might decrease as children become older (Gullone, 2000) . Thus, symptoms of anxiety might have decreased because of the expected drop in fear. Further, as children get older, parents often become less aware of children's daytime activities, including noncompliant and delinquent behaviors (Bongers, Koot, van der Ende, & Verhulst, 2004) . Overall, the study findings have important implications. The use of a community sample indicates that even slight sleep problems can influence children's adjustment. For instance, 1 less hour of sleep per night or occasional night awakenings should not be overlooked, given their shared relations with adjustment. Further, the longitudinal relations between sleep and adjustment might potentially influence other domains of daytime functioning, such as poor school performance and troubled peer relationships.
Regarding limitations and future directions, self-reports and actigraphy are able to assess many sleep parameters; however, these assessment tools do not measure sleep stages. Polysomnography can assess sleep staging and thus would be useful in determining whether disruptions in sleep architecture relate to adjustment outcomes. We examined relations between sleep and adjustment among children ages 8 to 13 years. Assessments over other developmental periods might yield a different pattern of effects, and it is imperative for researchers to address this issue. Sleep was assessed during the regular school year at T1 and T2 and during the summer at T3. Although autoregressive effects illustrated the stability of sleep across study waves, this design feature might have influenced some findings. For instance, the externally imposed schedule that often occurs during the school year might have influenced sleep differently compared with the more relaxed schedule that is common during the summer.
In summary, the current study's primary contribution is in demonstrating the bidirectional relations between sleep and children's depression, anxiety, and externalizing symptoms across 5 years. Findings indicate that reduced sleep minutes and poorer sleep quality are risk factors for adjustment problems over time and, to a lesser extent, vice versa.
